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PREFACE 

This  test  is  part  of  a  broad  program  of  research  to  improve  the  design  and 
performance  of  transportation  equipment  used  in  the  movement  of  agricultural 
products,  as  a  means  of  improving  and  expanding  the  marketing  of  farm  products. 

Few  of  the  frozen  food  delivery  trucks  now  in  service  can  maintain  the  low 
temperature  required  by  frozen  foods,  and  better  equipment  is  needed.   A  new 
system  of  refrigeration  has  recently  been  developed  which  appears  to  be  an 
improvement.   This  test  was  made  to  evaluate  the  performance  of  the  system  when 
installed  in  a  frozen  food  delivery  truck. 

The  Linde  Company,  Division  of  Union  Carbide  Corporation,  supplied  the 
necessary  equipment  for  the  test,  and  the  Plantation  Frozen  Foods  of  Ulita, 
Florida,  made  one  of  their  trucks  available  for  the  test  installation  of  the 
system. 
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SUMMARY 

A  recently  developed  refrigeration  system  will  maintain  low  temperatures 
in  delivery  trucks  by  the  controlled  spraying  of  liquid  nitrogen  at  a  tempera- 
ture of  320  degrees  below  zero  onto  the  load  of  frozen  food.   This  system  was 
observed  during  delivery  runs  from  wholesale  warehouses  to  several  retail  stores 
on  5  days.   Thermocouples  were  placed  among  the  packages  and  in  certain  places 
in  the  truck  to  obtain  temperature  readings  at  intervals  during  the  runs.   This 
system  can  be  installed  in  any  delivery  truck.   It  virtually  eliminates  the 
time  required  to  cool  the  inside  of  the  truck,  when  compared  with  conventionAl 
systems,  by  quickly  replacing  warm  air  in  the  truck  with  cold  and  dry  nitrogen 
instead  of  gradually  cooling  the  air. 

Temperature  readings  taken  during  the  delivery  runs  show  that  the  system 
generally  kept  the  lading  at  temperatures  of  10°  F.  or  lower.   Performance  of 
the  system  could  have  been  improved  by  using  a  truck  with  better  insulation  and 
by  better  loading  practices. 

The  performance  and  various  characteristics  of  the  system  are  discussed  in 
this  report. 


INTRODUCTION 

With  the  rapid  increase  in  consumption  of  frozen  foods  since  the  end  of 
World  War  II,  much  progress  has  been  made  in  the  processing  and  distribution 
of  these  foods.   Also,  many  improvements  have  been  made  in  the  design  and 
construction  of  the  trucks  needed  to  deliver  these  frozen  foods  from  wholesale 
warehouses  to  retail  outlets  and  in  the  means  used  to  maintain  the  trucks'  cargo 
at  the  required  low  temperature.   This  requirement  of  maintaining  the  frozen 
foods  at  low  temperatures,  always  of  paramount  importance,  has  been  emphasized 
by  the  passing  of  laws  in  some  States  requiring  that  the  foods  be  kept  at 
specified  low  temperatures. 

One  of  the  country's  leading  producers  of  industrial  gases  has  developed 
a  means  of  truck  refrigeration  which  appears  promising.   The  refrigerant  used  -- 
recognized  more  than  one  hundred  years  ago  as  an  excellent  means  of  food 
preservation  --  has  in  the  past  been  little  used  other  than  in  the  laboratory 
or  in  special  limited  applications.   The  required  quantity  of  the  refrigeration 


medium  has  been  considered  too  expensive  for  general  use  in  fleets  of  trucks, 
railroad  cars,  or  ships.   The  new  system  uses  liquid  nitrogen,  which  is  sprayed 
directly  onto  the  cargo  in  the  truck  at  a  temperature  of  320  degrees  below  zero, 
Fahrenheit. 

Arrangements  were  made  with  a  frozen  food  distributor  near  Miami,  Fla.  , 
to  install  this  system  in  one  of  his  trucks.   This  area  was  chosen  so  that  at 
the  time  of  the  test  (late  March)  reasonably  warm  weather  could  be  expected. 
The  test  truck  made  its  usual  delivery  runs  each  day  of  the  test,  the  test 
equipment  interfering  in  no  way  with  established  delivery  procedures.   The 
company  that  developed  this  system  shipped  the  necessary  equipment  to  the  test 
site,  and  one  of  the  company's  engineers  installed  it  in  the  truck.   He  and  an 
engineer  from  the  U.  S.  Department  of  Agriculture  rode  the  truck  each  day  of  the 
test,  taking  temperature  readings  and  checking  the  equipment. 


THE  TEST 

The  frozen  food  distributor  who  cooperated  in  this  test  loaded  his  delivery 
trucks  in  the  evening.   The  refrigeration  systems  installed  in  his  trucks  were 
driven  by  electric  motors  when  the  trucks  were  parked  at  the  warehouse  at  night. 
When  the  trucks  were  underway,  the  systems  were  driven  by  the  truck's  engine 
by  a  hydraulic  system. 

Since  the  test  installation  was  set  up  for  an  8-hour  operation,  l_l   the 
mechanical  refrigeration  system  was  used  during  the  night  after  the  truck  had 
been  loaded  and  the  liquid  nitrogen  system  was  used  from  the  time  the  truck 
left  the  warehouse  in  the  morning. 

Tables  1  through  5  show  the  results  of  the  test  runs.   These  tables  show 
the  temperatures  taken  just  after  the  truck's  mechanical  system  was  turned  off 
before  the  truck  left  the  warehouse.   After  these  readings  were  taken  the  liquid 
nitrogen  system  was  turned  on.   At  each  delivery  the  temperatures  were  taken  as 
soon  as  the  truck  had  stopped  at  a  loading  dock;  then  the  liquid  nitrogen  system 
was  turned  off  and  the  delivery  was  made.   After  the  delivery  was  completed  and 
the  truck  doors  were  closed  temperatures  were  again  taken;  immediately  after 
these  readings  were  taken  the  liquid  nitrogen  system  was  turned  on. 

Run  number  two  was  a  long  run,  the  last  delivery  being  made  about  16  hours 
after  the  truck  had  left  the  warehouse  (table  2).   Since  this  nitrogen  system 
was  designed  for  an  8-hour  run,  the  conventional  refrigeration  system  previously 
installed  in  the  truck  had  to  be  used  to  complete  the  run.   To  obtain  as  much 
information  as  possible  about  the  liquid  nitrogen  system,  the  engineers  attempted 
to  extend  the  operation  of  the  system  by  turning  it  off  for  moderate  periods  of 
time;  they  observed  the  temperature  of  the  cargo  at  each  delivery  stop.   (See 
"remarks"  in  table  2.) 


\_l  For  any  one  truck  the  maximum  time  of  a  day's  run  is  determined  by  the 
capacity  of  the  nitrogen  tank;  a  larger  tank  or  an  additional  tank  would  allow 
longer  delivery  runs. 
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At  some  delivery  stops,  the  temperatures  rose  more  than  at  others.  When 
the  doors  of  a  truck  loaded  to  the  ceiling  are  open  only  a  short  time,  the  air 
temperature  and  cargo  temperature  near  the  door  may  rise,  but  the  load  will 
effectively  limit  the  flow  of  warm  air  to  the  front  of  the  truck.   Later  on, 
after  several  deliveries  have  been  made  and  the  load  is  no  longer  stacked  to  the 
ceiling  temperatures  throughout  the  truck  will  rise  more  rapidly  at  delivery 
stops. 

Frequently  during  the  test  a  delivery  required  that  some  thermocouples  be 
removed  from  cases  of  food  that  had  to  be  delivered.   If  these  cases  were  at  a 
temperature  above  or  below  the  average  cargo  temperature,  then  the  average 
temperature  of  the  remaining  cargo  was  changed.   In  a  test  of  this  nature  only 
a  limited  number  of  temperature  measuring  devices'  can  be  used;  consequently,  the 
average  cargo  temperatures  shown  for  these  runs  may  be  in  error  to  a  small 
degree.   In  some  instances  a  truckload  of  frozen  foods  may  have  quite  a  range 
of  temperatures  because  part  of  the  cargo  is  allowed  to  sit  on  the  loading  dock 
longer  than  other  parts.   However,  it  is  felt  that  the  tables  show  fairly  well 
the  effectiveness  of  the  liquid  nitrogen  system. 


DESCRIPTION  AND  OPERATION  OF  THE  SYSTEM 

This  system,  which  can  be  installed  in  any  frozen  food  delivery  truck, 
keeps  the  load  in  the  truck  at  the  required  temperature  by  spraying  liquid 
nitrogen  on  top  of  the  load.   The  equipment  required  to  do  this  consisted  of 
two  cylinders  containing  liquid  nitrogen,  one  length  of  copper  tubing,  the 
control  system,  and  necessary  wiring  and  fittings. 

The  two  cylinders  were  similar  to  thermos  bottles  except  they  were  made  of 
metal  and  were  approximately  5  feet  high  and  20  Inches  in  diameter.   Each  had  a 
capacity  of  110  liters  (about  29  gallons) .   A  sight  gage  on  top  of  each  cylinder 
enabled  the  driver  to  tell  at  a  glance  the  amount  of  liquid  in  the  cylinder. 
The  inner  part  of  the  cylinder  was  so  effectively  Insulated  that  when  the 
cylinders  were  stored  at  room  temperatures  less  than  2  liters  of  the  liquid 
nitrogen  boiled  off  in  a  24-hour  period. 

The  gaseous  nitrogen  above  the  liquid  in  the  cylinder  was  maintained  at  a 
pressure  of  about  15  p.s.l.,  gage,  by  a  relief  valve.   As  a  safety  precaution, 
a  second  relief  valve  was  provided  to  relieve  the  pressure  in  the  cylinder  if 
the  pressure  should  rise  above  25  p.s.l.,  gage,  which  was  unlikely.   It  was  this 
pressure  in  the  cylinder  which  forced  the  liquid  nitrogen  into  the  truck  when 
demanded  by  the  control  system.   (See  below.) 

Liquid  nitrogen  was  sprayed  onto  the  cargo  from  a  single  spray  pipe,  which 
was  attached  to  the  celling  of  the  truck.   Mounted  on  the  center  line,  the 
pipe  ran  the  length  of  the  truck  Interior.   Holes  5/64  inch  in  diameter  were 
drilled  in  the  1/2-lnch  copper  tubing.   These  holes  were  spaced  at  Intervals  of 
one  foot,  even  numbered  holes  spraying  to  one  side  of  the  truck  and  odd  numbered 
holes  to  the  other  side.   The  spray  left  the  pipe  at  an  angle  of  about  30  degrees 
below  the  horizontal. 
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The  end  of  the  pipe  near  the  truck  doors  was  sealed  with  a  plug;  the 
other  end  of  the  pipe  was  connected  to  the  two  cylinders  through  a  tee  fitting. 
Between  the  tee  fitting  and  each  cylinder  was  a  valve  operated  by  a  solenoid; 
the  valve  was  part  of  the  control  system. 

The  operation  was  controlled  by  a  12-volt  electrical  system,  which  was 
directly  connected  to  the  truck's  electrical  system.   The  power  requirements 
of  the  control  were  so  small  that  no  effect  was  noted  on  the  electrical  system 
of  the  truck. 

The  heart  of  the  control  system  is  a  bridge  circuit.   One  leg  of  the 
bridge  circuit  is  a  thermistor  whose  resistance  varies  with  its  temperature. 
This  thermistor  is  the  temperature  sensing  element  and  is  mounted  in  the  truck. 
The  circuit  components  are  so  chosen  that  when  the  temperature  in  the  truck 
rises  above  the  desired  level,  a  current  flows  in  the  circuit  and  operates  a 
relay;  this  sends  a  current  through  the  solenoids  on  the  two  valves,  thus 
opening  the  valves  and  permitting  the  liquid  nitrogen  to  flow  from  the  cylinders 
and  into  the  spray  pipe.  When  the  temperature  drops  to  the  desired  level,  the 
resistance  of  the  thermistor  changes  and  no  current  flows  in  the  bridge  circuit; 
this  causes  the  relay  to  open,  which  closes  the  valves  by  cutting  off  the  current 
flow  to  the  solenoids.   The  sensing  element  was  mounted  on  the  inner  wall  of  the 
truck  near  the  ceiling.   It  was  surrounded  by  a  perforated  brass  plate  to 
protect  it  from  shifting  cargo,  yet  permit  the  free  circulation  of  air  over  it. 

Except  for  the  sensing  element,  the  control  system  was  mounted  in  a  box 
approximately  10  inches  long;  5  inches  wide,  and  3  inches  deep.   The  control 
box  was  mounted  in  the  cab  of  the  truck.   It  had  a  switch  which  permitted  the 
system  to  be  turned  off,  for  example,  when  the  truck  was  returning  to  the  ware- 
house after  completing  the  day's  deliveries.   Mounted  on  the  box  was  a  dial 
thermometer,  which  was  a  galvanometer  calibrated  in  degrees  F.   This  thermom- 
eter also  used  a  thermistor  as  a  sensing  device;  the  thermistor  was  installed 
in  the  truck  near  the  control  system's  sensing  device. 

The  liquid  nitrogen  system  installed  in  the  truck  was  a  test  model  and  not 
a  production  model,  the  production  model  had  a  switch  that  turned  the  system 
completely  off  when  the  door  was  opened.   During  the  test  runs  the  test  system 
had  to  be  turned  off  manually  at  the  control  box  in  the  cab  whenever  a  delivery 
was  to  be  made. 

For  this  test  only,  at  the  end  of  each  delivery  run  the  empty  or  partly 
empty  cylinders  had  to  be  removed  from  the  truck  and  replaced  with  full  cylinders. 
In  the  production  model  of  the  system,  one  large  cylinder  is  mounted  underneath 
the  truck  body  and  is  refilled  as  necessary  from  a  large  storage  tank  at  the 
plant. 

The  truck  used  in  the  test  had  interior  measurements  of  14  feet  long, 
8  feet  wide,  and  6  feet  high.   The  truck  had  been  built  about  6  months  before 
the  test.   It  had  4  inches  of  insulation  all  around;  the  insulation  was  reported 
to  be  glass  fiber.   The  floor  was  of  extruded  aluminum;  the  other  inner  surfaces 
were  of  galvanized  sheet  steel.   The  truck  had  full  height  double  doors  at  the 
rear.   These  doors  were  not  step  sealed,  that  is,  there  was  only  one  seal  between 
the  door  and  the  body  of  the  truck.   The  seal  was  not  very  effective;  in  places 
the  seal  on  one  door  did  not  make  contact  with  the  truck  body.   (During  the  test, 
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the  air  temperature  just  inside  the  door  was  generally  higher  than  the  air 
temperature  in  the  front  of  the  truck.)   In  the  floor  at  each  comer  of  the 
truck  was  a  1-inch  drain  pipe,  which  was  open  to  the  outside  air;  these  drains 
were  temporarily  plugged.   The  truck  body  was  painted  white  except  for  a 
moderate  amount  of  advertising  on  either  side  of  the  truck.  2^1 

The  test  equipment  installed  in  the  truck  consisted  of  thermocouples 
placed  in  the  truck  and  read  from  a  potentiometer  carried  in  the  cab.   During 
the  first  two  test  runs,  the  thermocouples  were  so  placed  that  in  starting  the 
day's  run  four  were  in  the  load  and  five  were  placed  to  measure  the  air  temper- 
ature in  various  parts  of  the  truck.   For  the  remainder  of  the  test  runs,  seven 
of  the  thermocouples  were  placed  in  the  load  and  two  were  placed  in  the  atmos- 
phere in  the  truck.  One  thermocouple  was  placed  about  6  inches  above  the  center 
of  the  roof  of  the  truck  to  measure  the  ambifent  air  temperature  during  all  test 
runs.  The  load  consisted  of  frozen  foods  packed  in  standard  cardboard  cases. 


DISCUSSION 

After  a  truck  is  loaded  (or  a  delivery  is  completed)  and  the  doors  are 
closed,  the  air  enclosed  in  the  truck  ordinarily  will  be  warmer  than  the  cargo. 
The  exact  temperature  of  the  air  will  depend  on  such  factors  as  the  amount  of 
cargo  in  the  truck,  the  temperature  of  the  cargo,  whether  or  not  the  truck  has 
been  precooled,  and  the  outside  air  temperature.   Under  ideal  conditions 
mechanical  refrigeration  systems  circulate  the  air  inside  the  truck  continuously 
through  the  cooling  coil,  over  and  around  the  load,  and  back  to  the  cooling  coil. 
This  air  is  gradually  cooled,  the  rate  of  cooling  depending  on  such  factors  as 
the  capacity  of  the  equipment  and  whether  or  not  the  truck  has  been  precooled. 
If  the  truck  has  been  precooled  and  if  the  load  is  at  the  desired  low  tempera- 
ture (that  is,  if  the  load  has  not  been  allowed  to  stand  on  the  loading  dock  for 
an.  unduly  long  period  of  time) ,  the  load  itself  and  the  comparatively  cool  inner 
surfaces  of  the  truck  will  aid  the  refrigeration  system  in  cooling  the  air. 
However,  while  being  cooled  by  the  load,  the  air  will  be  transferring  its  heat 
to  the  load  (until  the  air  is  at  the  same  temperature  as  the  loa<04   If  the 
truck  has  not  been  precooled,  the  air  must  also  cool  the  inner  surfaces  of  the 
truck;  this  process  will  extend  the  time  that  it  takes  for  the  air  to  reach  the 
desired  low  temperature.   In  short,  the  load  cannot  be  cooled  by  the  system 
until  the  air  temperature  has  been  lowered  to  a  point  below  the  load  temperature. 

The  liquid  nitrogen  system  functions  in  a  manner  which  enables  it  to  provide 
a  low  air  temperature  in  the  truck  in  a  small  fraction  of  the  time  required  by 
the  conventional  system.   The  liquid  nitrogen  sprayed  into  the  truck  flashes 
into  a  gas  almost  instantly.   Since  one  cubic  foot  of  liquid  nitrogen  flashes 
into  about  700  cubic  feet  of  gas ,  the  nitrogen  sprayed  into  the  truck  begins  to 
force  the  warm  air  out  of  the  truck  through  openings  in  the  truck.   This  system 
does  not  so  much  cool  the  air  in  the  truck  as  it  replaces  the  air  in  the  truck 
with  cold  and  dry  nitrogen.   Of  course,  the  nitrogen  does  not  force  the  atmos- 
phere from  the  truck  in  the  manner  that  a  piston  in  a  gasoline  engine  displaces 


2_l   Frozen  food  delivery  trucks  frequently  have  large  areas  of  dark  paint  on 
them;  obviously,  on  sunny  days  these  dark  areas  absorb  heat  from  the  sun  and 
place  an  additional  load  on  the  refrigeration  system  of  the  truck. 
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the  exhaust  gases  from  a  cylinder;  as  soon  as  the  system  is  turned  on  the 
nitrogen  begins  to  mix  with  the  truck's  atmosphere.   As  a  result  the  gases 
leaving  the  truck  consist  of  less  and  less  air  and  more  and  more  nitrogen. 
However,  the  system  does  force  a  sizable  part  of  the  warm  air  from  the  truck, 
replacing  it  with  cold  nitrogen;  this  process  cools  the  interior  of  the  truck 
much  faster  than  the  conventional  system  does.   In  fact,  the  liquid  nitrogen 
system  virtually  eliminates  precooling  time. 

Ability  of  the  nitrogen  system  to  maintain  the  cargo  at  low  temperature  is 
shown  in  the  tables.   These  tables  indicate  that  on  each  run  the  temperature  of 
the  cargo  at  the  time  of  the  last  delivery  was  at  or  below  its  temperature  at 
the  time  the  truck  left  the  warehouse  that  morning.   For  comparison.  Marketing 
Research  Report  No.  176  reports  tests  made  on  local  delivery  trucks  that  used 
"cold"  plates  as  a  means  of  refrigeration.  3_l     One  of  these  trucks  has  plastic 
curtains  just  inside  the  door  to  reduce  the  entry  of  warm  air  into  the  truck 
when  the  door  was  open.  The  truck  showed  an  average  rise  in  the  cargo  tempera- 
ture from  -8.9°  F.  at  the  start  of  a  delivery  run  to  7.8°  F.  at  the  finish  of 
the  run.   These  temperatures  are  the  average  of  readings  taken  on  20  delivery 
runs.   A  control  test  made  on  an  identical  truck  and  under  the  same  conditions, 
except  that  this  truck  had  no  door  curtain,  showed  an  average  rise  in  the  cargo 
temperature  from  -9.2°  F.  to  10.7°  F. ,  about  3°  higher  than  the  truck  with  the 
curtain. 

Ability  of  the  nitrogen  system  to  hold  the  cargo  at  a  low  temperature 
should  be  more  apparent  in  a  truck  with  more  than  4  inches  of  insulation.   Lower 
delivery  temperatures  would  have  resulted  during  this  test  if  the  truck  had  been 
loaded  so  that  the  cargo  was  at  warehouse  temperature  when  the  truck  started 
the  day's  run.  With  the  truck  loaded  to  the  ceiling  the  conventional  refriger- 
ation system  could  not  keep  the  entire  cargo  at  warehouse  temperature  throughout 
the  night. 

A  characteristic  of  the  system  noted  during  these  tests  was  the  dryness  of 
the  liquid  nitrogen  system.   The  nitrogen  sprayed  into  the  truck  is  perfectly 
dry.   Now,  even  if  the  nitrogen  were  at  the  same  temperature  as  the  outside  air, 
it  would  lower  the  himiidity  of  the  air  in  the  truck  by  displacing  some  of  the 
air  and  water  vapor  which  normally  constitute  atmospheric  air.   However,  being 
at  a  temperature  of  minus  320  degrees,  the  nitrogen  quickly  lowers  the  air  it 
mixes  with  to  a  temperature  well  below  its  dew  point  and  causes  moisture  to 
precipitate,  thus  further  lowering  the  humidity.   (An  interesting  observation 
made  during  these  test  runs  was  the  formation  of  a  unique  frost.   This  frost, 
which  felt  to  the  touch  like  cold  talcum  powde^  was  noted  on  the  truck's 
interior  walls  and  on  the  frozen  food  boxes.   This  may  be  explained  by  the 
following:   If  the  atmosphere  was  cold  enough,  upon  precipitation  the  moisture 
would  freeze  before  the  minute  droplets  could  consolidate  into  larger  drops.) 
No  measurement  of  the  hiamidity  in  the  truck  was  made  during  these  tests.   But 
it  was  noted  by  the  engineers,  and  commented  upon  by  the  truck  drivers,  that 
the  cases  of  frozen  foods  were  drier  on  delivery  than  they  were  when  the 
conventional  refrigeration  equipment  was  used. 

3/  Robert  F.  Guilfoy,  Jr.  "A  Curtain  to  Help  Maintain  Temperatures  in 
Local  Refrigerated  Delivery  Trucks."  U.  S.  Dept.  Agr.  Mktg.  Res.  Rpt.  176, 
21  pp.,  illus.  1957. 
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It  was  stated  previously  that  in  a  conventional  system  the  air  is  circulated 
through  the  cooling  coil,  over  and  around  the  lading,  and  back  to  the  cooling 
^°^^   under  ideal  conditions.   Emphasis  is  placed  on  these  ideal  conditions  since 
frequently  trucks  are  so  loaded  that  the  air  from  the  cooling  coil  does  not 
completely  flow  over  and  around  the  cargo.   As  an  example,  if  the  truck  is  loaded 
to  the  ceiling  ,  the  air  from  the  cooling  coil  comes  in  contact  only  with  the 
cargo  close  to  the  front  of  the  truck  and  is  then  short-circuited  back  to  the 
cooling  coil.   This  results  in  a  cold  spot  near  the  front  of  the  truck  while  much 
of  the  rest  of  the  cargo  gets  little  or  none  of  the  cold  air. 

The  liquid  nitrogen  system  with  its  spray  pipe  extending  the  length  of  the 
truck  insures  a  more  even  distribution  of  the  cooling  medium,  both  liquid  and 
gaseous  nitrogen,  with  a  considerable  reduction  in  the  number  of  hot  spots.   In 
some  of  the  test  runs  the  truck  was  loaded,  literally,  to  the  ceiling  on  either 
side  of  the  single  spray  pipe.   This  would  certainly  impede  the  free  flow  of 
the  cold  nitrogen  over  the  entire  load.   Liquid  nitrogen  expands  about  700  times 
upon  flashing  into  a  gas,  however,  and  this  should  cause  it  to  be  forced  into 
some  narrow  spaces  between  cases  of  frozen  food.   At  any  rate,  loading  to  the 
ceiling  would  not  impede  the  liquid  nitrogen  system  as  much  as  it  would  a  conven- 
tional system.   Also,  this  test  installation  of  the  system  had  but  a  single 
spray  pipe;  the  production  model  provides  a  wider  distribution  of  the  nitrogen 
through  a  simple  spray  pipe  installation. 

The  truck  used  in  the  test  had  no  air  channels  in  the  sidewalls.   These 
channels  are  thin  strips  of  wood,  plastic,  or  expanded  metal  placed  on  the  in- 
side walls  of  the  truck  to  permit  the  vertical  flow  of  cold  air  around  the  load. 
If  the  truck  has  no  such  strips  and  if  boxes  are  placed  flush  against  the  side- 
walls,  no  air  can  flow  between  the  wall  and  the  cargo,  and  the  boxes  against  the 
walls  will  readily  pick  up  the  heat  coming  through  the  walls.   This  causes  poor 
refrigeration  inside  the  truck  because  the  cold  air  or  nitrogen  cannot  circulate 
where  it  is  needed.  4/ 

During  the  test,  the  question  was  frequently  heard  "Is  this  gas  safe?" 
Nitrogen  is  a  colorless,  odorless  gas  which  constitutes  about  78  percent  of  the 
air  we  breathe.   It  is  difficult  to  make  it  react  chemically  with  any  common 
substance  at  ordinary  temperatures  and  pressures.   It  is  frequently  used  as  an 
inert  atmosphere  in  which  to  store  metal  items  over  a  long  period  of  time,  there- 
by preventing  corrosion  of  the  metal.   Because  of  this  inert  behavior,  it  is 
nontoxic  for  man,  and  also  for  any  food  carried  as  a  cargo  in  a  truck.   (Of 
course,  man  could  not  live  in  an  atmosphere  of  pure  nitrogen;  he  requires  oxygen.) 

Because  of  its  temperature  of  minus  320  degrees  Fahrenheit,  liquid  nitrogen 
must  be  treated  with  respect.   While  the  dangers  are  quite  minimal,  certain 
precautions  must  be  observed,  for  example,  in  filling  the  nitrogen  tanks  installed 
on  the  truck.   However, the  producers  of  liquid  nitrogen  claim  many  years  of 
experience  with  it  and  knowledge  of  how  to  handle  it  safely.   They  report  no 
difficulty  in  explaining  to  personnel  the  simple  precautions  that  are  necessary. 


4/Tests  are  being  conducted  jointly  by  the  Department  of  Agriculture  and 
the  National  Bureau  of  Standards  on  trucks  and  trailers  used  in  long  hauls  of 
frozen  foods.  Preliminary  findings  of  these  tests  indicate  that  if  the  truck 
or  trailer  has  no  air  channels  in  the  sidewalls,  the  temperature  in  the  cargo 
may  vary  some  40  degrees  when  the  ambient  temperature  of  the  vehicle  is  100°  and 
the  refrigeration  system  is  set  to  maintain  the  load  at  0°. 
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There  seems  to  be  no  danger  to  the  truck  driver  from  the  liquid  nitrogen 
unless  by  chance  the  wind  or  some  other  agency  should  cause  the  door  to  slam 
shut  and  turn  on  the  cooling  system  while  he  is  inside  the  truck  handling  the 
cargo.   If  such  an  unlikely  accident  should  happen,  the  driver  would  have 
plenty  of  time  to  either  get  out  of  the  truck  or  turn  the  system  off  at  the 
safety  switch  just  inside  the  door  before  any  liquid  nitrogen  could  be  sprayed 
into  the  truck.  When  the  system  is  turned  on  and  the  nitrogen  begins  to  flow 
into  the  spray  pipes,  it  takes  several  seconds  before  anything  but  gaseous 
nitrogen  flows  from  the  spray  pipes.   This  is  explained  by  the  fact  that  the 
spray  pipes  in  a  truck  with  open  doors  would  be  so  warm  compared  to  the  liquid 
nitrogen's  temperature  of  minus  320  degrees  that  the  liquid  would  flash  into 
gas  while  still  in  the  spray  pipes. 

Considering  the  structure  and  location  of  the  liquid  nitrogen  cylinder 
installed  on  the  truck,  and  the  low  pressure  used  to  operate  the  system,  it 
would  be  a  freak  accident  that  would  cause  the  liquid  nitrogen  to  harm  any 
person. 

Because  the  use  of  nitrogen  as  a  refrigeration  medium  in  moving  vehicles 
is  a  new  development,  exact  cost  of  its  use  in  operation  have  not  been  com- 
pletely developed.   The  cost  of  installing  the  system  would  be  low,  but  the 
cost  of  the  nitrogen  might  be  prohibitive  if  used  for  only  a  few  trucks.   How- 
ever, since  the  cost  per  liter  of  nitrogen  drops  as  the  rate  of  consumption 
increases,  the  unit  cost  for  a  larger  fleet  with  greater  requirements  for 
nitrogen  could  be  low  enough  to  make  the  system  economically  feasible.   It  may 
be  possible  that  a  number  of  small  operators  in  one  city  could  pool  their 
requirements  and  have  the  liquid  nitrogen  delivered  to  a  centrally  located 
distribution  point  at  which  the  trucks  of  each  operator  would  have  their  nitrogen 
tanks  filled. 

The  cost  of  the  nitrogen  system  compared  with  that  of  other  systems 
may  be  roughly  approximated.   Solid  carbon  dioxide  cost  approximately  4  cents 
per  pound.   Liquid  nitrogen,  being  sold  on  a  sliding  cost  scale,  may  vary  in 
price  from  2  to  8  cents  per  pound,  depending  on  the  amount  of  nitrogen  used. 
There  is  a  variation  in  the  potential  capacity  of-  these  two  refrigerants:   Liquid 
nitrogen  has  a  refrigeration  capacity  of  about  160  B.t.u.  per  pound;  solid 
carbon  dioxide  has  a  capacity,  theoretically,  of  about  250  B.t.u.  per  pound. 
However,  the  difficulty  in  controlling  the  refrigerating  rate  of  solid  carbon 
dioxide  seems  to  offset  its  higher  capacity  per  pound.   While  solid  carbon  dioxide 
appears  to  have  a  lower  cost  per  unit  of  refrigeration,  the  nitrogen  system 
has  the  advantage  that  its  refrigerating  rate  is  easily  controlled. 

An  advantage  of  liquid  carbon  dioxide,  which  sells  for  about  4  to  5  cents 
per  pound,  is  that  its  refrigeration  is  available  almost  instantly,  but  its 
refrigeration  capacity  is  only  about  120  B.t.u.  per  pound. 

Until  this  test  was  made  the  Department  of  Agriculture  had  not  conducted 
or  observed  any  test  of  the  liquid  nitrogen  system  applied  to  refrigerated 
transportation.   Since  this  use  of  liquid  nitrogen  is  so  new,  there  is  much  to 
be  learned  about  its  application  and  its  efficiencies  under  varying  conditions. 
Doubtless  improvements  will  be  made  in  the  design  and  construction  of  components 
of  the  system,  although  the  system  will  continue  to  be  relatively  simple. 
Further  experimentation  with  this  system  of  operation  is  planned. 
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